I nflu e n c e of S t ef a n blo wi n g o n n a n ofl ui d flow s u b m e r g e d in m i c r o o r g a ni s m s wi t h le a di n g e d g e a c c r e tio n o r a bl a tio n B e g, OA, B a sir, M F M, U d di n, MJ a n d Is m ail, AIM h t t p:// dx. doi.o r g/ 1 0. 1 0 0 7/ s 4 0 4 3 0-0 1 7-0 8 7 7-7
INTRODUCTION
The analysis of convective heat and mass transfer with nanoparticles has gained an abundance of attention amongst researchers in recent years. Heat exchange may be enhanced by adding nanoparticles with high thermal properties in low volume fraction within the liquid that leads to modern class of fluids known as nanofluids [1] .
Conventional heat transfer fluids, for example, water, oil and ethylene glycol are known to be poor heat transfer fluids [2] . As the thermal conductivity of these liquids assumes a critical part in the heat transfer coefficient, therefore various strategies have been explored to upgrade the thermal conductivity of these liquids. It is now established that a significant improvement in thermal conductivity can be achieved by including nanometersized particles suspended in conventional heat transfer liquids. In this manner, nanomaterials are perceived to be more successful in smaller scale/nano electromechanical devices, advanced cooling frameworks, extensive scale thermal frameworks in evaporators, heat exchangers and mechanical cooling applications.
Nanofluids are generally stable under a variety of operation conditions with no additional issues of disintegration, sedimentation, clogging, coagulation or extra weight drop. This is a direct result of the small size and low volume nano-particles required for thermal conductivity improvement [3] . The base fluid, or dissolving medium, can be aqueous or non-aqueous in nature and nanoparticles may comprise metals, carbides, oxides, carbon 6 nanotubes or nitrides. Nanoparticles shapes may be disks, spheres, cylindrical rods etc. [4] . Recently, many studies of computational modelling of nanofluids have been communicated with diverse applications [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Bioconvection has important applications in bio-microsystems where it is utilized, for example, to enhance mass transport as well as to enhancement and mixing. Nanofluid bioconvection occurs when the spontaneous pattern formation and density stratification is caused by the simultaneous interaction of the denser self-propelled microorganisms, nanoparticles, and buoyancy forces [18] . Microorganisms are known to be respond to certain stimuli by tending to swim in certain directions. These responses are called taxes and examples are gravitaxis, gyrotaxis, phototaxis, magneto-taxis and chemotaxis [19] .
Gravitaxis refers to the swimming opposite to gravity and gyrotaxis is the swimming determined the equilibrium of torques due to viscous forces from shear flows and gravity.
Phototaxis is due to the movement toward or away from light [20] . Fundamentally, the swimming of microorganisms that causes the fluid to convect increases the density of the surrounding fluid. Analytical studies of nanofluid bioconvection were first presented by [21] [22] [23] [24] [25] [26] [27] . Makinde and Animasaun [28] reported heat and mass transfer behaviour decreases the diffusion of motile microorganisms. Recently, Akbar and Khan [29] investigated the effects of magneto-bioconvection, Brownian motion and thermophoresis on free convection flow over a stretching sheet. Amirsom et al. [30] analyzed the three- [33] . In practical applications, such as paper drying processes, mass transfer is achieved by evaporation [34] . The diffusion of the species produces a bulk motion of fluid and induces extra motion of the fluid [35] . In this paper, the solid surface which is affected by the blowing is not considered to be porous. Further the blowing is assumed to be due to flux transfer of species from the solid surface to outside/inside of the boundary layer.
Species transfer varies on the flow field and the flow field is affected by the mass blowing at the wall. Fang and Jing [33] and Uddin et al. [36] studied the boundary layer flow considering Stefan blowing effects and verified that the blowing velocity was proportional to the mass transfer flux.
In this present paper, we have employed the Buongiorno nanofluid model [37] which incorporates both thermophoretic and Brownian motion effects. The model has been successfully deployed by several authors [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] .
A new unsteady boundary layer model which involves a moving leading edge exhibiting a certain rate of accretion or ablation and was first proposed by Todd [50] has also stimulated considerable interest in recent years. Different velocity variation trends arise for different leading edge accretion/ablation effects; these can modify heat, and mass transfer rates in boundary layer flows. Different families of solutions can also arise for unsteady boundary layer flows with accretion/ablation. Further analysis of the momentum and thermal boundary layer flows with accretion and ablation effects has been conducted by [51] and [2] . Recently, Rosca and Pop [52] have considered momentum, thermal and solutal boundary layer flows using the Buongiorno nanofluid model with accretion/ablation effects. The aim of this paper is to extend the work of the [2] , [50] [51] [52] 
MATHEMATICAL MODEL
We consider two-dimensional, unsteady, incompressible, viscous, constant transport property, laminar forced convective boundary layer flow of a nanofluid over a solid stationary semi-infinite plate with leading edge accretion ablation. The nanofluid contains gyrotactic microorganisms. The effects of Stefan blowing are taken into account. Let the free stream velocity be U  , the free stream temperature be T  , the free stream nanoparticle volume flux as C  and the free stream microorganism be zero for simplicity   0 n   . It also assumed that the uniform temperature, nanoparticle volume fraction and motile microorganism density at the plate are , Figure 1 , wherein (i) represents the momentum and (ii) symbolize thermal, mass diffusion and microorganism boundary layers. Under above assumptions and following model equations proposed by [37] and [53] , the vector field equations are: After applying boundary layer approximations or order of magnitude analysis, the Eqs. (1) - (5) can be written in scalar form as:
subject to the following boundary conditions [36] :
as ,
where the following notation applies- We implement the following modified dimensional stream function, which incorporates ablation/accretion effects at the boundary layer leading edge:
Defining the similarity variable:
Non-dimensional temperature, nanoparticle volume fraction and microorganism density functions may be defined as follows:
Here the dimensionless variables are  (similarity),   
Substituting Eqns. (13) and (14) into Eq. (16), we obtain and uv as follows:
Proceeding with the analysis, the primitive partial differential conservation equations
Eqns. (8)-(11) may be transformed into the following system of coupled nonlinear, similarity ordinary differential equations as follows:
The transformed associated boundary conditions emerge as follows:
where the following dimensionless parameters arise: Prandtl number (Pr), Lewis number (Le), Brownian motion parameter (Nb), thermophoresis parameter (Nt), bioconvection Lewisnumber (Lb), bioconvection Péclet number (Pe) and the mass blowing/suction parameter(Stefan blowing)(s). These parameters are defined respectively, as:
PHYSICAL QUANTITIES
In practical applications, the gradients of the velocity, temperature, nano-particle species concentration and microorganism density function are required. These take the form of the local skin friction coefficient , Nn , which may be defined thus:
Employing Eqns. (13)- (17) and (24), the parameters may be re-formulated in terms of the similarity variables, as follows:
Here, Re / It is interesting to note that in the absence of the Eqns. (19)- (21), 0 s  (no suction/injection), the present model reduces to [50] . It is also noteworthy that s> 0 for species transfer from the wall to the free stream (evaporation), while s< 0 for species transfer from the free stream to the wall (condensation). In other words, for s> 0, there exists mass blowing at the wall and for s<0, there exists mass suction.
NUMERICAL SOLUTIONS AND VALIDATION
Closed form analytical solutions of Eqns. (18)- (21) with associated boundary conditions of Eqn. (22) are extremely difficult if not intractable. A numerical procedure for solution of the two-point boundary value problem is therefore selected. We utilize the optimized shooting algorithm available in the symbolic code, Maple 2016 [55] . Comparison is also made with previously published results Todd [50] and Rosca and Pop [52] , for local skin friction for several values of the accretion/ablation parameter (  ) as shown in Table 1 .
Generally, very good correlation is achieved and confidence in the present MAPLE solutions is therefore justifiably high.
RESULTS AND DISCUSSION
Extensive numerical solutions are presented graphically in Figs. 2-11 with suction at the surface ( 1) s  , the bionanofluid is drawn through the surface via apertures and this inhibits momentum transfer into the boundary layer by assisting 15 adhesion of the boundary layer to the surface. As a result the flow is decelerated strongly and this leads to an increase in thickness of the momentum boundary layer. With stronger blowing ( 1) s  the hot nanofluid is displaced further from the surface where the buoyancy forces accelerate the flow. This effect increases the shearing effect by increasing the maximum velocity within the boundary layer. The velocity profiles therefore are discrete for suction ( 1) s  and injection ( 1) s  . However, in both cases they converge smoothly to the free stream velocity indicating that a sufficiently large infinity boundary condition has been imposed in the numerical code, MAPLE. An increase in the accretion/ablation effect The thermal field therefore responds very differently to leading edge accretion/ablation compared with the velocity field. With strong wall suction ( 1) s  the nanoparticle concentration (volume fraction) decreases continuously throughout the boundary layer.
Conversely with strong blowing (s=1), nano-particle concentration values are enhanced.
The injection of nanofluid via the wall encourages species diffusion throughout the regime whereas removal of nanofluid inhibits species (nano-particle) diffusion. Increasing blowing therefore thickens the concentration boundary layer whereas increased suction has the adverse effect. Increased accretion/ablation (>0) at the leading edge also exert a similar effect on nanoparticle volume fraction to that on the temperature distribution. It enhances nanoparticle concentration magnitudes consistently from the wall to the free stream.
Greater injection, is also observed, to elevate microorganism density function (fig 2d) whereas stronger suction induces the reverse effect and suppresses microorganism density function. The transport of microorganisms is therefore encouraged with blowing through the wall and the corresponding boundary layer thickness is elevated. Increasing accretion/ablation also enhances microorganism density function values. In the present analysis the movement of the motile microorganisms is taken to be independent of the motion of nanoparticles. The nanoparticles are transported via Brownian motion and by not self-propulsion as with microorganisms. The boost in temperatures with smaller nanoparticles means that heat diffuses faster in nanofluids than vorticity, and this will imply a deceleration in the flow with greater Brownian motion effect, although for brevity we have omitted velocity plots here.
Nanoparticle concentration ( fig. 3b ) is observed to be suppressed with increasing Brownian motion parameter i.e. concentration boundary layer thickness decreases with larger value of Nb. With greater wall suction, both nanoparticle concentration (volume fraction) and also species boundary layer thickness are also decreased. The reverse effect is generated with wall blowing. The motile microorganism density function (Figure 3 For Lb greater that unity, the viscous diffusion rate (related to viscosity of nanofluid) exceeds motile microorganism diffusion rate. Microorganism density (concentration) is considerably enhanced with a decrease in bioconvection Lewis number. With higher microorganism diffusivity rates, the propulsion of motile microorganisms is enhanced and more even distributions through the boundary layer are results ( Figure 6 ). In this Figure, it can be seen that wall injection always achieves higher magnitudes of micro-organism density function than wall suction. depressed for the case of wall injection (s < 0) and elevated with wall suction (s> 0). In Fig. 11(b) , with greater bioconvection Péclet number, there is a strong increment in the motile microorganism wall mass transfer rate with either suction or injection present, although magnitudes are much reduced with larger values of accretion/ablation parameter.
CONCLUSIONS
A theoretical study has been conducted to simulate two-dimensional, unsteady, laminar, (ii) With increasing positive accretion/ablation rate (>0), temperature, nano-particle concentration (volume fraction) and microorganism density function are increased, as are the associated boundary layer thicknesses.
(iii) Temperature, nanoparticle concentration (volume fraction) and microorganism density function are decreased with stronger wall suction ( 1) s  , and enhanced with greater wall injection ( 1) s  .
(iv) With greater bioconvection Peclét number (Pe), microorganism density function is reduced.
(v) With larger bioconvection Lewis number (Lb), the motile microorganism wall mass transfer rate is enhanced.
(vi) With increasing leading edge accretion/ablation parameter, motile microorganism wall mass transfer rate is reduced for wall injection (s < 0) and enhanced for wall suction (s> 0).
(vii)With higher values of leading edge accretion/ablation parameter, nanoparticle wall mass transfer rate, is suppressed whereas with an increase in ordinary Lewis number it is elevated.
(viii) With increasing leading edge accretion/ablationparameter (>0) and Brownian motion parameter (Nb), wall heat transfer rate (Nusselt number) is decreased.
(ix) An increase in thermophoresis parameter (Nt) elevates both temperature and thermal boundary layer thickness.
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The present model has considered Newtonian nanofluids. Future investigations may address non-Newtonian bioconvection nanofluid flow in porous media considering gravitational forces. These will appear soon. Moreover, the considered problem can be extended for convection through square enclosure enclosing (cavity) flow [57] [58] [59] . 
